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Ion Exchange is one of the most versatile techniques of 
separation science. It is at present a standard analytical 
tool and is widely used in inorganic, organic and 
biochemical separations. It offers many advantages over the 
classical methods of separation such as precipitation, 
distillation and filteration. This technique can be applied 
to both micro as well as macro analysis and may serve even 
for the routine analysis. It demands less skill and 
judgement from the analyst than many other methods. 
Furthermore a shorter time is needed and the components can 
be subsequently determined by rapid instrumental or 
titrimetric methods. It is of great significance when one 
is concerned with the separation of ions of similar 
properties or the systems which are troublesome or 
impossible to analyze by other methods. 
In laboratories ion exchangers are being used as an 
important -^ool to solve new problems. Rapid and accurate 
determination of the constituents of a sample or 
contaminants of alloys, biological substances and fission 
products of radioactive elements has become possible by the 
use of ion exchangers. The use of ion exchangers on large 
scale may provide mankind with pure water and may be useful 
for the concentration and extraction of important metals and 
2 
raw materials which are becoming more and more difficult to 
produce. Ion exchange has established as one of the most 
powerful techniques in the field of water analysis thus 
proving its worth in water pollution control. 
Soil an inexpensive, natural and easily available 
material was for the first time recoznised as an ion 
exchange material. Nearly 150 years ago an English 
landowner H.S. Thompson was interested to study the loss of 
ammonia from manure heaps. He engaged a York Scientist 
named Spence to investigate this loss. Spence discovered 
this loss as an exchange process between calcium (from soil) 
and ammonia (from manure), 
Ca^^ (Soil) + (NH^)^ SO^ = NH^ (Soil) + CaSO^ (1) 
Spence reported his discoveries to the Royal 
Agricultural Society . These were further confirmed by 
2 
another agricultural chemist G.T. Way who described this 
exchange by the name of "base exchange". The base exchange 
in soils was found to be reversible and stoichiometric. This 
phenomenon could not be elaborated further as much was not 
known about the ionic nature of solutions and the crystal 
structure and composition of the clay minerals present in 
the soil. Many hypotheses were given to explain this 
exchange in soils , but ultimately it was traced mainly due 
to the presence of aluminosilicates ' . According to 
0 
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Lamberg and Weigner the materials responsible for the 
exchange in soils were mainly clays, Zeolites, glauconites, 
humins and humic acid. The glauconites are also 
aluminosilicates analogous to the Zeolites which possess 
exchangeable potassium and considerable capacity. The first 
aluminosilicates were synthesized in 1903, by Harms and 
Q 
Rumpler . A spectacular revolution began in 1935 with the 
discovery by two English chemists, Adams and Holmes, that 
crushed phonograph records exhibit ion exchange properties. 
The two principal causes responsible for ion exchange 
property of soils are organic matter and clay minerals. The 
soils rich in organic matter contains humins and humic acid 
which on decomposition produce a wide variety of organic 
species, possessing -OH or -COOH groups. These groups are 
responsible for the ion excnange property in such soils. The 
soils which do not contain much organic matter also possess 
a considerable ion exchange property due to the presence of 
crystallographic surfaces (clay minerals) with exchangeable 
sites. 
Ion Exchange is considered as a reversible process in 
which cations or anions are exchanged stoichiometrically 
between the ion exchanger and solution phases, when they are 
placed in close contact with each other. When an ion 
exchanger in counter ion 'A' form is placed in a solution of 
another counter ion 'B' then the ion exchange process may be 
written as 
X + B === E + A (2) 
where the barred quantities refer to the exchanger phese and 
unbarred to the solution phase. 
Cation exchange in soils is of great importance as it 
9 
can alter the availability of several micronutrients . In 
soils a number of cations may be present in trace 
quantities, both benefecial as well as hazardous. An study 
of cation exchange in soils gives an idea about the 
capability ot the soils to store and supply the nutrient 
elements to plants. 
Environmental pollution is increasing day by day due to 
increase in industrialization and urbanization. The land 
disposal of industrial and municipal sludges are of great 
concern as the content of heavy metals in sludges can be 
12 high and hence there is a potential hazard of 
contaminating soils and plants with excess amount of these 
metals, which have been retained in soils by ion exchange. 
The exchange behaviour of heavy metals in soils has been 
investigated by Lagerwerff and Brower . Amphlett and 
14 Macdonald studied the ion exchange equilibria of clay 
mineral fraction of a soil from English Lower greensand 
series. The properties of these soils were expected to 
depend on the clay mineral fraction. The clay minerals are 
aluminosilicates, having alternating, parallelj two 
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dimensional layers formed from silicate tetrahedra and 
aluminate octahedra . The chemical and physical properties 
of clays depend upon the disposition of these layers and the 
extent and nature of isomorphous substitution within the 
layers. However, exchange in clay minerals is 
non-stoichionetric. The clays having similar structures but 
different degrees of isomorphous substitution possess an 
appreciable variation in the ion exchange capacity. They 
are unstable at higher temperatures. They swell appreciably 
in water when the concentration of the interlayer cations is 
high. 
The discovery of exchange in soils due to presence of 
aluminosilicates led to the use of natural materials for 
softening of water. Cans tried to recover gold from sea 
water but could not succeed because of nonavailability of a 
suitable ion exchange material for this purpose. The 
practical utility of ion exchange phenomena at that time was 
recoznised by Cans and his coworkers for water softening. 
They developed synthetic Zeolites or permutits for this 
purpose. 
Synthetic Zeolites are prepared in several ways; for 
example by fusing together mixtures of soda, potash, 
feldspar and kaoline (fusion permutits) or by a controlled 
addition of alkali to acid solutions of aluminium sulphate 
and sodium silicate. Various Zeolites with completely 
6 
regular structure have been prepared by several 
17-24 
workers 
Several analogues of the Zeolites have been prepared by 
25 
similar methods. Barrer has prepared aluminogermanate. 
Sodium gallosilicate has been prepared by Selbin and 
Mason^^. Gallocarbonates have been prepared by reacting 
together solutions of sodium gallate and sodium 
9 '7 2ft 
bicarbonate . Ferrosilicate and other sodium 
29 
metallosilicates have also been synthesized. Silicates of 
a number of elements such as Zirconium , titanium , 
bismuth , ferric , Zinc , tin and antimony have been 
synthesized and studied for their ion exchange properties. 
The Zeolites are crystalline aluminosilicates with ion 
exchange properties. The structures of zeolites are built 
5- 4-
up of AlO^ and SiO. tetrahedra which have their oxygen 
atoms in common, these tetrahedral groupings share their 
corners, edges and faces to give a condensed structure. 
Zeolites may exist as fibrous, lamellar or rigid three 
dimensional structures. The Zeolites with three dimensional 
37 
structures have been extensively studied by Barrer . Their 
frameworks are open with channels and interconnecting 
cavities in the aluminosilicate lattice. The negative 
charge due to AlO^^" grouping is balanced by alkali or 
alkaline earth metal ions which are present as counter ions 
in the channels of the lattice framework. The narrow, rigid 
and strictly uniform pore structure of the Zeolites gives 
them a pronounced "sieve action" on a molecular scale. Large 
38 -, 1 
cations such as quaternary ammonium ions and large 
non-electrolyte molecules^ ' which are larger than the 
openings in crystal framework are completely excluded, 
whereas small molecules are sorbed or exchanged. Pore size 
of the Zeolites can be adjusted to a certain degree by 
replacing the counter ions by other ions. A wide range of 
chromotographic separations can be achieved by choosing a 
suitable Zeolite and its cationic forms. Molecular sieve 
properties are now being used on industrial scale, since the 
development of Linde molecular sieves. Linde molecular 
25 41 
sieves were synthesized and studied by Barrer and Breck 
42 Saha has studied the use of natural and synthetic Zeolites 
for fractionation, sorption and catalysis. 
The stability of Zeolites in acid solutions is limited. 
The anionic framework of the Zeolites is chemically unstable 
and breaks down in acid solutions with the precipitation of 
hydrated silica, leaving aluminium in solution. This causes 
a difficulty in the preparation of H"*" form of the Zeolites. 
However ion exchange phenomena may be utilized for this 
purpose. 
A search for stable ion exchanger was started to 
overcome the limitations possessed by Zeolites and clays. In 
1931 Kullgren found that copper was taken up by sulphite 
cellulose when the cellulose was washed with distilled 
water . He used this material for the removal of copper 
present in water as a contaminant. Organic ion exchangers 
were recoznised after Adams and Holmes discovered in 1935 
that crushed phonograph records exhibit ion exchange 
properties. This led them to the synthesis of organic ion 
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exchange resins which consist of three dimensional 
networks of polymeric chains cross linked with short chains 
containing ionizable functional groups. Various 
improvements were made in the resins. A typical resin is 
prepared by a polymerization of styrene and divinylbenzene. 
The number of cross-linkage is governed by divinylbenzene to 
styrene ratio. Organic ion exchange resins are stable 
towards acids. Their structure can be varied as desired. An 
increase in crosslinkage increases rigidity, reduces 
swelling and the solubility of polymeric structure. 
Organic resins have been used in laboratories and 
industries for separations, recoveries of metals, 
purification of water, concentration of electrolytes and 
elucidation of the mechanism of many reactions. Several 
commercial resins, both cation (strong and weak acid) and 
anion (strong and weak base) exchangers are available for 
these purposes. 
Organic ion exchangers also suffers from certain 
limitations. They are unstable in aqueous system at high 
temperatures and in the presence of ionizing radiations. 
This led to a revived interest in inorganic ion exchangers, 
which are unaffected by ionizing radiations and considerably 
temperature resistant. This makes them suitable for use in 
reactor technology. Their rigid structure makes them more 
suitable for separation of ions on the basis of different 
pore sizes. They can also be used as ionic or molecular 
sieves. High selectivity and temperature resistance offer 
them an advantage for use as ion exchange membranes. Their 
selectivity has also been utilized for the preparation of 
ion selective electrodes. 
Systematic and fundamental studies on inorganic ion 
exchangers commenced in 1943 with the application of 
Zirconium phosphate to the separation of uranium and 
Plutonium from fission products . Zirconium phosphate 
is perhaps the most studied inorganic ion exchanger. Other 
inorganic ion exchangers with satisfactory properties have 
been prepared by combining group IV Oxides with more acidic 
Oxides of group V and VI. Various inorganic ion exchangers 
reported upto 1964 have been excellantly reviewed in a 
4 fi 
monograph of Amphlett entitled "Inorganic Ion Exchangers" 
which has become a classic in this field. The different 
types of ion exchange materials are summarized in the 
following broud groups: 
1. Clay minerals 
2. Zeolites 
13 
3. Heteropoly acid salts 
4. Hydrous Oxides and Insoluble salts 
The work done in the period between 1963 and 1970 have been 
4 7 4 8 
sununarized by Pekarek and Vesely ' under the following 
categories: 
1. Hydrous Oxides 
2. Acidic salts of polyvalent metals 
3. Salts of heteropolyacids 
4. Insoluble ferrocyanides 
5. Synthetic aluminosilicates, and 
6. Certain other substances. 
A review on Zirconium phosphate ion exchangers, 
polybasic salts other than Zirconium phosphate and the salts 
of heteropolyacids and hydrous Oxides has been given by 
49 50 
Clearfield . M Abe has summarized the ion exchange 
characteristics of salts containing polyvalent elements of 
51 52 
group III, IV, V and VI. Marinsky and Walton have 
edited the reviews on the application of inorganic ion 
exchangers. Some later trends in the field of ion exchange 
have been sununarized in the "Journal of chromatography". 
Volume 102(1974), which contains the papers presented at the 
third symposium on ion exchange held at Baltonfired 
(Hungary) on May 28-31 1974. The papers presented were 
divided into four sections: 
If X 
1. Ion Exchange materials 
2. Theory of Ion Exchange 
3. Analytical Applications 
4. Ion Exchange Technology 
The synthesis of new materials have been reported by 
numerous authors defining different types of amorphous, 
poorly crystalline and crystalline materials. Zirconium 
phosphate is the most studied of all the ion exchangers. 
In addition to the materials mentioned a number of other 
types of exchangers have been developed e.g. electron 
exchangers and redox ion exchangers. 
Electron exchangers are solid Oxidizing and reducing 
agents. They are as a rule resins with a cross-linked 
hydrocarbon matrix. They contain the species such as 
quinone/hydroquinone, forming a redox couple which can be 
reversibly Oxidized or reduced. They can be regenerated by 
a suitable reducing (or Oxidizing) agent after having been 
Oxidized (or reduced) by a substrate. 
Redox ion exchangers are conventional ion exchange 
resins containing reversible Oxidation-reduction couples 
such as Fe VFe^''', Cu^Vcu, methylene blue etc.^^"^^ These 
redox couples are held by the ion exchange resins either as 
a counter ion or by sorption or complex formation. 
i2 
The behaviour of redox ion exchangers and electron 
exchangers is similar to that of the soluble 
Oxidation-reduction couples. The redox potential of a 
couple is little affected by incorporation of the couple 
into a resin ' . They possess some advantages over 
dissolved Oxidizing or reducing agents. The most important 
advantage is tneir insolubility and hence they can be easily 
separated from the solution containing a substrate being 
Oxidized or reduced. No contamination of the solution by 
these exchangers occur as only electrons and protons are 
transferred between the exchanger and solution phases. The 
only possible change in solution, except for the redox 
reaction of the substrate is a change in pH. Another 
advantage is that they can be readily regenerated after use 
by a suitable Oxidizing or reducing agent. 
Redox ion exchangers and electron exchangers are 
characterized by their redox capacity, redox potential and 
rate of the reaction. The redox capacity is the amount of a 
substrate being Oxidized or reduced by a specified amount of 
the exchanger and is expressed in terms of the 
milliequivalents per gram of dry resin. The reaction rate 
determines the time required for the redox process under a 
given set of conditions. The standard redox potential 
indicates which substrate can be reduced or Oxidized. The 
redox potential of a couple in solution is defined as the 
electric potential difference between the solution of the 
i3 
redox couple and the standard hydrogen electrode. When two 
redox couples are in contact with one another electrons can 
be transferred directly from one species to the other. 
Direct measurement of the redox potential of redox ion 
exchangers is not possible. For this purpose redox potential 
of a dissolved couple which is in equilibrium with the 
exchanger is measured and this potential is taken as the 
redox potential of the redox ion exchanger. In its reduced 
form the redox ion exchanger can reduce the couples having a 
higher standard redox potential, whereas in its Oxidized 
form it can Oxidize the couples having a lower standard 
redox potential. A reducing agent with lower standard redox 
potential is used for reductive regeneration and an 
Oxidizing agent with higher standard redox potential is used 
for Oxidative regeneration. Some important redox ion 
exchangers are listed in Table I.l 
The kinetics of redox ion exchangers or electron 
exchange reactions have not been thoroughly investigated. 
Rate controlling, step may be assumed either intraparticle 
diffusion or chemical reaction. If diffusion is rate 
determining step then rate may be increased by reducing 
particle size and if it is chemical reaction then an 
increase in temperature may increase the rate. 
.^ 4 
TABLE I.l 
Some important redox ion exchangers and their redox capacity 
S.No. Name of the Redox Ion Redox capacity References 
Exchanger meq/gm 
1. Polymers of chlorophyll and 
haemin 58, 59 
2. Polystyrene based redox 
resin 60 
3. Phosphoric acid type redox 
resin 60 
4. p-benzoquinone melomine 
copolymer 4.00 61 
5. Zirconium pnospho lodate 62 
6. Phosphomolybdovanadic acid 0.318 63 
7. Zirconium molybdovanadate 0.520 64 
8. Hydrazine sulphate sorbed 
Zinc silicate 65 
< ^ 
For a complete description of a material as an ion 
exchanger its physical characterization should be made on 
the basis of the following properties: 
1. Ion exchange capacity 
2. Resistance towards acids and bases 
3. Chemical composition 
4. Potentiometric studies 
5. Distribution of counter ions between the two immiscible 
phases (solution and exchanger) 
6. Thermodynamics 
7. Kinetics 
8. Analytical applications. 
Ion exchange capacity is one of the most fundamental 
parameters for the characterization of an ion exchange 
material. The accepted way of characterizing the ion 
exchange capacity is by giving the number of ionogenic 
groups per specified amount of the ion exchanger in H or 
CI form. The characteristic constant thus obtained is 
called scientific weight capacity and is expressed in terms 
of milliequivalents per gram dry H or Cl form exchanger. 
This is a characteristic constant of the ion exchange 
material and is independent of the experimental conditions. 
The equilibrium ion exchange capacity of a strong cation 
exchanger is determined by direct titration of the exchanger 
in H form with a strong base. However a weak cation 
exchanger is first converted to H form then the equilibri um 
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ion exchange capacity is determined by pH titrations. 
The resistance of ion exchangers to varying 
concentrations of acids and bases is important to check both 
its strengths and limitations. The ion exchange materials 
may behave either as monofunctional or polyfunctional. This 
can be determined by potentiometric titrations. The shape 
of the titration curve indicates whether the exchanger is 
monofunctional or polyfunctional. Such curves on Zirconium 
phosphate with alkaline earth metal hydroxides have been 
studied by Alberti at al in detail. They observed that 
the titration curves are strongly affected by hydrolysis of 
the exchanger and precipitation of insoluble phosphates. 
The degree of conversion at which phosphate precipitation 
begins depends on the alkaline earth metal ions and the 
2+ 2 + 
following values were obtained: Ca 70% exchange, Sr 80% 
exchange and Ba 100% exchange. No exchange was found with 
Mg (OH)2 due to its large hydrated ionic radius. 
The utility of the ion exchange materials can be 
developed on the basis of the following studies: 
1. Distribution of counter ions ions between the exchanger 
and solution phases 
2. Thermodynamics 
3. Kinetics 
4. Analytical applications 
The affinity of an ion exchanger for a counter ion 
-t? 
•A' is given quantitatively by the distribution coefficient 
Kd which is defined as 
No: of m.eq. of A in exchanger phase g (3) 
No: of m.eq. of A in Solution phase ml 
The distribution of an ion between the exchanger 
and solution phases is a direct measure of selectivity. 
Usually the ion exchanger takes up certain ions in 
preference to the other counter ions present in the 
solution. The selectivity is an important factor for the 
study of separations and it may depend mainly on : 
1) Donnan Potential 
2) Sieve Action and 
3) Complex Formation 
The distribution coefficient is a practical guide to 
the separation procedure. By determining Kd values under 
varying experimental conditions, it is possible to select 
most suitable conditions for separating small amounts of 
various ions. The rate at which ions move in an ion 
exchange column depends on their distribution coefficient 
values. The ratio of the Kd values of two different ions at 
low concentrations is called the separation factor which can 
be used to evaluate the ease of separating the two ions. 
J.S 
Thermodynamics is an appropriate means of describing the 
theoretical behaviour of ion exchange equilibria. The 
thermodynamics of ion exchange on inorganic ion exchangers 
is considerably simple as compared with the organic ion 
exchange resins. This is because inorganic ion exchangers, 
particularly zeolites possess a rigid structure, little 
swelling and relatively small changes in water content 
between different cationic forms of the exchanger. When an 
ion exchanger in counter ion 'A' form is placed in a 
solution of counter ion 'B' an equilibrium is set up for the 
distribution of 'A' and 'B' between the exchanger and 
solution phases. The ion exchange process at equilibrium 
may be written as 
A + B = B + A (4) 
where the barred quantities refer to the exchanger phase and 
unbarred to the solution phase. 
Ion exchange being a stoichiometic process will liberate 
an amount of counter ion 'A' equivalent to the counter ion 
'B' taken up by the ion exchanger. For the sake of 
convenience, the effect of co-ions on the ion exchange 
equilibria may be neglected. The thermodynamic equilibrium 
constant for the ion exchange reaction is given by 
K = P ^ _ VD^ v^/ " " (5) ^B ^A 
^A ^B 
 ( B ) ( A ) 
( A ) ( B ) 
^B f A 
^ A ^ B 
where 'Y' represents the activity coefficients of ions in 
the exchanger phase and 'f the activity coefficient of ions 
in solution phase. The thermodynamic equilibrium constant 
gives information about the preferential uptake of counter 
ions by the ion exchanger. 
The free energy change of the ion exchange reaction is 
obtained from the thermodynamic equilibrium constant using 
the equation 
A G = - RT InK (6) 
where 'R' is the universal gas constant and 'T' the absolute 
temperature. 
The selectivity of ions is governed by the lowering of 
free energy of the system. The enthalpy change of the 
system is evaluated by using Van'tHoff isochore. The change 
in enthalpy predicts whether the reaction is endothermic or 
exothermic. Enthalpy change of the system is directly 
related to changes in the number and strength of the bonds 
in the ion exchange process. The randomness of the ion 
exchange process may be predicted from the values of the 
free energy change and enthalpy change. The entropy change 
is calculated from the values of enthalpy change and free 
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energy change at a given temperature. The overall entropy 
of the system reflects the extent of order produced during 
the ion exchange process. 
Equilibrium studies on ion exchange materials have been 
14 performed by several workers. Amphlett and Macdonald have 
studied the ion exchange equilibria of NH. , Na , Cs and 
Sr on clay mineral fraction of a soil from the English 
Lower Greensand series at 20°C. Ion exchange equilibria of 
2 + Fe on sodium montmorillonite has been studied by Singhal 
et al 
Ion exchange equilibria of NH , Ag , alkali and 
alkaline earth metal ions on natural and synthetic Zeolites 
fi ft — 7 '^  have been extensively studied. Equilibrium studies on 
Zirconium phosphate have been reported to a greater extent. 
The ion exchange equilibria of Li , Na , K and Cs were 
74 75 
studied by Larsen and Vissars , Gal and Ruvarec on 
amorphous Zirconium phosphate of various composition and 
properties. Some admirable studies on ion exchange 
thermodynamics of alkali metal ions have been made with more 
defined semi crystalline and crystalline Zirconium 
"7 f. — Qf, 
phosphate. The thermodynamic parameters have been 
interpreted in terms of the nature of bonding between alkali 
metal ions and the matrix of the exchanger, Zirconium 
phosphate. 
n 
Although the thermodynamics is a useful means for 
investigating the conditions at equilibrium; it does not 
give any information about the mechanism of ion exchange 
process and the time required for the change of one state to 
the other. For this purpose kinetic studies are performed 
which explains these factors well. 
The kinetics is a time-dependent study. The rate of 
the reaction governs the simple homogeneous reactions which 
depends upon the concentration of the reactants. However 
ion exchange is different from such chemical reactions. Ion 
exchangers are in solid phase and thus constitute a 
different phase than the solution phase. Hence ion exchange 
is a heterogeneous process; it involuves the diffusion of 
counter ions from solution to the exchanger (solid) phase 
and vice versa- Furthermore, in ion exchange the co-ions do 
not take part in the overall reaction mechanism. It is a 
stoichiometric process and electroneutrality is preserved 
throughout the process in both the phases. 
Ion exchange kinetics essentially involves three kinds of 
process -
1. Interdiffusion of counter ions in the adherent film -
"film diffusion". 
2. Interdiffusion of counter ions within the exchanger bead 
particle - "particle diffusion". 
3. Chemical exchange reaction between the two counter ions. 
?2 
Off all the kinetic studies reported in literature to 
date, none has shown ion exchange process being governed by 
the chemical exchange reaction between the two counter ions. 
Thus in ion exchange the rate determining step may be either 
particle diffusion or film diffusion depending upon the 
physical and chemical parameters . The slower of the two 
will determine the rate of ion exchange process. In 
intermediate cases the rate of ion exchange may be affected 
by both the steps. 
The ion exchange materials have found a number of 
important analytical applications. An introductory 
description on the application of natural and synthetic ion 
Q Q 
exchangers has been given by Kuroda . The analytical 
applications of ion exchange continue to increase at an 
exponential rate. Newer and newer areas of application are 
actively being sought day after day. Ion exchange has found 
its application in -
1. Water pollution control - purification of water 
2. Removal of interfering ions 
3. Recovery of precious metals 
4. Preparation of deionized water 
5. Water softening 
6. Determination of total salt content of a solution 
7. Separation of metal ions 
?3 
8. Separation of organic and biologically important 
substances 
9. Concentration of trace constituents 
10. Location of end point in titrations 
11. Preparation of ion selective electrodes 
12. Preparation of ion exchanger fuel cells 
13. Gas chromatography, electrophoresis and solid state 
separations 
In the present work sorption equilibria of cobalt (II) 
on two Indian soils, the natural ion exchangers, have been 
studied and various thermodynamic parameters are evaluated. 
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II.l INTRODUCTION 
Since the earliest use of fertilizers containing 
micronutrients there has been an increasing interest in the 
fixation of heavy metal ions by soils. The adsorption of 
heavy metal cations by soils has importance in determining 
their availability to the plants and their movement through 
the soils. Cobalt is retained in soils by ion 
exchange/adsorption and its deficiency or excess may cause 
problems in green plants. Cobalt is required by legumes 
such as soyabeans and alfalfa for the fixation of elemental 
nitrogen by Rhizobia ' The essentiality of cobalt to 
Rhizobia is due to the part it plays in the formation of 
Vitamin B.,2 cyanocobalamine, which in turn is essential for 
the formation of haemoglobin, whose concentration in the 
nodules is directly related to the nitrogen fixation by 
, w J. 2,3 Cobalt deficient legumes develop the legume bacteria. ^ '^ 
4 
symptons of nitrogen deficient plants. 
From thfc standpoint of the practical production of 
2 
legumes cobalt is considered very essential. Kevin G. 
5 
Tiller, et al. , have studied the specific sorption of 
c 
cobalt by soil clays. Aly abd-Elfattah and Koji Wada have 
also studied adsorption of cobalt by soils that differ in 
cation exchange materials. 
In the present work, sorption equilibria of cobalt {II) 
so 
on two types of Indian soils; the natural ion exchangers, 
have been studied at two different temperatures. Various 
properties such as cation exchange capacity, pH, electrical 
coductance and percentage of organic matter present in the 
two soils have been studied. The sorption data are analysed 
in terms of sorption isotherms, distribution coefficient, 
Langmuir equation and various thermodynamic parameters. The 
purpose of this study was to understand the basic chemistry 
of cobalt (II) in soils and to predict the nature of 
interaction of this metal with the soils. 
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II.2 EXPERIMENTAL 
11.2.1 Reagents: Cobalt (II) nitrate (Co (NO^)2.6ti20) B.D.H 
was used. Ail other chemicals used were of Analytical 
Reagent grade. 
11.2.2 Apparatus: An electric temperature controlled SICO 
shaker was used for shaking; an Elico pH meter model Li-10 
for pH measurements; a systronic conductivity meter dip type 
cell for electrical conductance measurement and Bausch and 
Lomb spectrophotometer model spectronic 20 for the 
determination of cobalt (II). 
11.2.3 Preparation of Soil Samples: The soils used in the 
present investigation were surface samples (depth 0-30 cm) 
obtained from Tehri (Uttar Pradesh) and Bhopal (Madhya 
Pradesh). Both the soils were grounded in a hammer mill 
fitted with a sieve to obtain samples with a small and 
nearly homogeneous particle size. 
11.2.4 Cation Exchange Capacity: The ion exchange capacity 
for H ion was determined by Ganguli's method. The soil 
sample (1 gram) in H form was kept with 20 ml saturated 
solution of KCl at 25 + 1°C overnight and the H"*" ions 
liberated were titrated with .IM NaOH solution till the pink 
colour persisted for about three minutes. 
52 
II.2.5 pH and Electrical Conductance: For this purpose a 
1:2.5 soil water suspension was prepared by adding 10 gram 
soil sample to 25 ml distilled water in a stoppered conical 
flask. The suspension was kept overnight and pH of the 
supernatant liquid was measured at 25 + 1°C. The electrical 
conductance of the soil water suspension was measured with a 
Q 
systronic conductivity meter dip type cell. 
II.2.6. Percentage of Organic Matter: The organic matter 
(O.M) content of the soil was determined by the method 
9 
proposed by Walkley and Black. For this purpose, 2 gram 
soil sample was taken in a 500 ml conical flask. To this 
flask, 10 ml of 1.0 N potassium dichromate and 20 ml of 
concentrated sulphuric acid were added. The flask was 
shaken vigorously and allowed to cool for 30 minutes. 
Thereafter, 200 ml of distilled water, 10 ml of phosphoric 
acid and 1 ml of diphenylamine indicator were added to it. 
The amount of unreacted potassium dichromate was titrated 
with .5 N ferrous ammonium sulphate solution till the violet 
colour changes to purple and finally to green. Reagent 
blank determination was also carried out in the same manner. 
The percentage organic matter was then calculated by the 
equation 
% Organic matter = (X-Y).003 X 100 ^ ^^^^4 (1) 
2 X Weight of the soil 
33 
where x and y are the volume (ml) of ,5 N ferrous ammonium 
sulphate solution required for blank and sample solution 
respectively. 
II.2.7 Surface Area: The surface area (A) of the soil 
sample was determined by the method proposed by Dyal and 
Hendricks. For this purpose, 2 gram of the soil sample 
was taken in a small aluminium box and placed in a 
dessicator over 250 grams P^ O^c. The weight of the dried 
sample was measured. The sample was then wetted with 
ethylene glycol added from a pipette dropwise and placed in 
a dessicator at 25 jf 1°C to evaporate excess of ethylene 
glycol. This sample was weighed several times till a 
constant weight was observed. Surface area was then 
calculated from the equation 
^2 " '^ l Surface Area (A) = (2) 
Wj^  X .00031 
where W, and W^ are weight (grams) of the dried sample and 
sample wetted with ethylene glycol respectively and .00031 
is the Dyal and Hendricks value for the grams of ethylene 
2 
glycol required to form a monolayer of one m surface area 
of the soil. 
II.2.8 Percentage of Clay: The mechanical analysis of soil 
was carried out by International pipette method. A 10 
34 
gram soil saiuple was weighed and placed in an evaporating 
dish. Add 10 ml of H2O2 mixture warmed upto 60°C and 
stirred till no further evolution of gases occurred. The 
excess of ^^2^? ^^^ decomposed by boiling for few minutes. 
After cooling, 10 ml or more of .2 M HCl was added till the 
solution becomes acidic. It is then filtered and washed 
with warm distilled water till the washings showed no 
indication of acidic nature. The precipitate was 
transferred to an evaporating dish, 10 ml of distilled water 
and 50 ml of sodium oxalate solution (8 gm/1) were added. 
The mixture was warmed and shaken by a high speed stirrer 
for about 15 minutes, 150 ml of distilled water was then 
added and the suspension washed through 200 B.S. sieve using 
not more than 150 ml of distilled water. The suspension 
which passed through the sieve was transferred to a 
graduated boiling tube or 500 ml measuring cylinder and 
volume was made upto 500 ml with distilled water. The 
residue on the sieve was dried and weighed. The dry dand is 
again passed through 25, 72 and 200 mesh size sieves and 
each fraction retained on the sieves is weighed in a watch 
glass which gives the coarse, medium and fine sands (Wcs, 
Wms and Wfs). 
The 500 ml suspension was immersed in a constant 
temperature water bath at 25 + 1°C for one hour. The tube 
was then taken out, shaken up and down vigorously and is put 
back in the bath, simultaneously a stop watch is started. 
35 
After a sedimentation time of 4 minutes 8 seconds, a 10 ml 
suspension from a depth of 10 cm is taken out by means of a 
sampling pipette and is transferred to weighing petri dish, 
dry it in an oven and weigh it. Repeat this procedure after 
46 minutes and 6 hours 54 minutes and after commencement of 
sedimentation the boiling tube being shaken afresh in both 
cases. In each of the above case the weight of the solid 
material in 500 ml of the suspension was determined. The 
method of sampling is important, the pipette should be 
lowered into the suspension at a slow rate in order to avoid 
disturbance. The percentage of clay was then calculated 
from the weights of the residues. 
II.2.9 Equilibrium Studies: For equilibrium studies 1 gram 
soil sample was taken in different stoppered conical flasks 
containing varying amounts of pure (Co (NO^)2. eH-O) 
solution and the volume adjusted to 20 ml with distilled 
water. The flasks were shaken for three hours at 30° + 1°C 
in the first set of experiment and 50° + 1°C in the second 
set of experiment, in an electric temperature controlled 
SICO shaker. The suspension were then centrifuged at 4000rpm 
for 10 minutes and cobalt (II) was estimated in the 
supernatant liquid by a spectrophotometes at 530 nm. Amount 
of Cobalt (II) sorbed was determined as the difference 
between the amount of cobalt (II) added and that left after 
equilibrium. 
?5 
The distribution coefficient values (Kd) were determined 
by using the formula 
„, ^ I - F Total Volume of Solution (ml) 
F Weight of the soil (gram) 
where 'I' and 'F' are amount of cobalt (II) added (u. gm) and 
that present in the solution after equilibrium respectively. 
57 
11. 3 RESULTS 
The results of cation exchange capacity, pH, electrical 
conductance, % organic matter, % clay and surface area of both 
the soils are summarized in Table II.1 
TABLE II.1 
Some Important properties of the Indian Soils 
Name of pH E.C.xlO % Organic % Clay A Cation Exchange 
—1 2 —1 + 
Place mho cm m g Capacity for H 
m moles/lOOgrams 
Tehri 6.3 0.56x10""* 1.1895 2.0 234.96 5.425 
Bhopal 8.5 4.32x10""* 0.9568 36.0 240.96 6.80 
The sorption isotherms of Cobalt (II) on the two soils at two 
different temperatures are plotted in Figure II.1 and the results 
of Ce, x/m, , , % sorption and Kd values are given in Tables 
x/m 
II.2, II.3, II.4 and II.5. 
The plots of Ce versus Ce for the two soils Tehri and Bhopal 
x/m 
at 30°C and 50°C are presented in Figures II.2, II.3, II.4 and 
II. 5 respectively; and the values of Langmuir constants 'K' and 
'b' are given in Table II.6. 
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TABLE II.6 
Langmuir Constants 'K' and 'b' at different temperatures 
Name of 
Place 
30° + 1°C 
K b 
p gm gm 
-1 
50° + 1°C 
K b 
p gm gm 
-1 
Tehri 
Bhopal 
869.565 
1111.111 
914.327 
8000 
909.09 
25000 
1440.092 
4413.062 
The plots of In — versus Cs for the two soils are presented 
Ce 
in Figures II.6 and 11,7. The thermodynamic equilibrium constant 
Ko obtained from these plots are given in Table 11.7. The 
enthalpy change was evaluated from the plots of InKo versus 1/T 
(Figure II.8). The free energy change and entropy change were 
calculated by using appropriate equations. The values of various 
thermodynamic parameters are summarized in Table II.7. 
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TABLE II.7 
Various thermodynamic parameters for the sorption of Cobalt (II 
on two Indian soils. 
Thermodynamic 
Parameters 
Tehri Soil 
30°C 50°C 
Bhopal Soil 
30°C 50°C 
Ko 
ZiG° (KJ mol""'') 
AH° (KJ mol~ ) 
A S° (KJ K~ mol~ ) 
.2231 .1108 
3.779 5.908 
-28.475 
-.1064 -.1064 
.2122 .0202 
3.904 10.473 
-95.6SJ 
-.3286 -.3286 
5 0 
II.4 DISCUSSION 
It is evident from Table II.1 that the two Indian soils 
varied widely in their properties. The pH, electrical 
conductance and cation exchange capacity for H ions is 
greater for Bhopal soil than that of the Tehri soil. The 
Bhopal soil also shows a greater percentage of clay than the 
Tehri soil. 
Sorption of cobalt (II) was studied by batch process at 
30°C and 50°C respectively for the two soils. Sorption 
isotherms were plotted between the amount of cobalt (II) 
sorbed per gram soil (xx gm gm ) and the amount of cobalt 
(II) in equilibrium suspension (u gm ml ). It is clear 
from Figure II. 1 that sorption of cobalt (II) was higher on 
Bhopal soil than Tehri soil. The higher sorption of cobalt 
(II) on Bhopal soil could be due to the greater percentage 
of clay and higher cation exchange capacity. The sorption 
of cobalt (II) at different temperatures shows rather an 
unusual behaviour, the adsorption is increased by raising 
the temperature from 30°C to 50°C. 
From sorption data, the distribution coefficient values 
for the ion exchange/sorption of cobalt (II) on both the 
soils were calculated using equation (3). The Kd values are 
given in Tables II.2, II.3 II.4 and II.5. 
An examination of Figure II.1 reveals that the sorpti on 
53 
12 isotherms at both the temperatures are of 'H' class for 
the two soils. These isotherms result from strong sorption 
giving an apparent intercept on the ordinate. The shape of 
isotherms suggests that the interaction between the cobalt 
(II) ions was negligible. The sorption behaviour of cobalt 
(II) in both the soils was in close agreement with the 
13 linear form of Langnuir equation 
Ce ^ _1_ Ce 
xTnT K b 
where 'K' and 'b' are constants which represent the binding 
energy coefficient and sorption maxima respectively. 
By plotting ^ against Ce (Figures II.2, II.3, II.4 and 
x/m 
II.5) a straight line was obtained for both the soils. 
Langmuir constants 'K' and 'b' were evaluated from the 
intercept and slope of these plots respectively. The 
results are given in Table II.6 which shows higher values of 
Langmuir constants for Bhopal soil than Tehri soil at both 
the temperatures. These results also confirm higher 
sorption of cobalt (II) in Bhopal soil. These results are 
14 in accordance with those of Veith and Sposito who studied 
the use of Langmuir equation in the interpretation of 
adsorption phenomena. Although, sorption process is 
primarily one of cation exchange, the Langmuir equation has 
been frequently applied to the sorption of heavy metal 
54 
15 
cations from solution by the soils. 
The thermodynamic equilibrium constant (Ko) for the 
sorption of cobalt (II) on soils was calculated by Biggar 
1 fi 1 7 
and Cheung method as applied by Singh et al 
KO = C^ ^^ 
Ce 2^Q 
where 'Cs' (A gm gm~ ) is the amount of cobalt (II) adsorbed 
per gram of the solvent in contact with the soils, Ce (u gm 
ml ) the concentration of cobalt in equilibrium suspension, 
JJs the activity coefficient of the adsorbed solute and J^'e 
the activity coefficient of the solute in equilibrium 
suspension. 
The value of Cs was calculated by using the equation 
18 proposed by Fu et al 
C3 = ( ^ /M) A 
S/N (x/m) 
where ? is the density of the solvent (gm ml ) 'M' the 
molecular weight of the solvent, 'A' the cross sectional 
2 -1 
area of the solvent molecule (cm molecule ), 'N' the 
2 
Avogadro's number, 'S' the surface area of the adsorbent (m 
gm ) and x/m the specific adsorption (m mol gm ) . The 
55 
cross sectional area of the solvent molecules was calculated 
by using the equation 
A - 1.C91 X 1 0 - " r # i ^ "'' 
The ratio of the activity coefficients was assumed to be 
20 
unity in the dilute range of studies. As the cocentration 
of the solute in the solution approached zero, the activity 
coefficient approached unity. Equation (5) may then be 
written as 
cr — « §1-= °^ 
The values of Ko were obtained by plotting In ££ versus Cs 
Ce 
and extrapolating to zero Cs (Figures II.6 and II.7). 
From the values of thermodynamic equilibrium constant 
free energy cnanges ( A G ° ) during the sorption/ion exchange 
21 phenomena were calculated from the relationship 
A G ° = - RT InKo 
where 'R' is universal gas constant and 'T' the absolute 
temperature. 
The enthalpy change (Aii°) was calculated by using the 
integrated form of the Van't Hoff equation. 
^T„ -AH° 
In 
K^^ R T^ T^ 
The A H° value was evaluated from the plots of InKo versus 
1/T (Figure II.8) and the entropy change ( A S^) were 
calculated from A H° and A G° values using the equation 
A H° - A G° 
The values of thermodynamic equilibrium constant, free 
energy changes, enthalpy change and entropy changes, at 30°C 
and 50°C are summarized in Table II. 7. These results show 
higher value of Ko at 30°C than at 50°C for both the soils. 
The results (Table II.7) show positive values of A G° for 
the sorption of cobalt (II) at 30°C and 50°C for both the 
soils, however the enthalpy change A H° was negative. The 
results of A H° values together with that of A G° values 
values confirm, that ion exchange/sorption process had a 
natural tendency to proceed spontaneously. More negative 
value of A H° for Bhopal soil confirms that cobalt (II) was 
more strongly bound to Bhopal soil as compared to Tehri 
soil. The results of entropy change (Table II.7) show a 
r: 
loss in entropy more during the sorption of cobalt (II) on 
Bhopal soil; indicating a greater order produced during the 
sorption/ion exchange phenomena. The negative values of 
entropy change suggest that there was a reduction in 
translational freedom when the solute was sorbed. 
7 
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